OBJECTIVES: Competency in video-assisted thoracoscopic (VATS) lobectomy is estimated to be reached after the surgeon completes 50 cases. We wanted to explore the impact of competency in performing multiport VATS lobectomies on completing the needed number of single-port VATS.
INTRODUCTION
Any development in a surgical approach should be deemed safe, efficient, reproducible and easily learned by the surgeons. Singleport video-assisted thoracoscopy (VATS) was initially recommended for use in minor and intermediate procedures [1, 2] .
With the advances in expertise in traditional multiport VATS and the development of purposely designed thoracoscopic instruments, single-port VATS was used for lobectomies [3] . Other more complex procedures have since been described [4] [5] [6] , but it is in the area of VATS lobectomy where this approach has expanded around the world. Without engaging in a discussion of the merits of all VATS techniques, it seems clear that the singleport VATS approach can achieve outcomes as satisfactory as †Presented at the 24th European Conference on General Thoracic Surgery, Naples, Italy, 29 May-1 June 2016. those of other approaches; therefore, its use has expanded rapidly [7] [8] [9] .
Learning a new technique or approach requires careful attention to physician training and patient selection. The impact of the learning curve for any new procedure on patients and outcomes must be considered and dealt with in order to minimize its effects. It is estimated that competency in performing VATS lobectomy is achieved after 50 procedures. During the period when the surgeon is perfecting the procedure, outcomes should be monitored and patient safety ensured [10] . The single-port VATS lobectomy has been adopted directly from open surgery or after experience with the traditional multiport VATS [11] [12] [13] .
METHODS
The aim of this international multicentre study was to evaluate the effects of the learning curve on surgeons with previous multiport VATS lobectomy experience (at least 50 cases performed) and those who had not completed the 50 cases required for certification of competency in VATS lobectomy before undertaking single-port VATS lobectomy.
To achieve this goal, we compared the practice and outcomes of the initial 50 lobectomies performed via the single-port VATS approach by 3 surgeons who had completed at least 50 cases of multiport VATS (Group A) with 3 surgeons who had not (Group B). All surgeons were fully qualified specialists in thoracic surgery with experience in open procedures and had undergone practical training in the procedure by attending courses and visiting experts. For the purpose of this study, complex procedures (segmentectomies, sleeve resections and pneumonectomies) were not included. The operations were performed in centres from different countries (Spain, China and the UK).
All surgeons used a similar operative technique: an anterior axillary line incision over the 4th and 5th intercostal space 3-6 cm long as required by the expected size of the tumour/lobe [14] . A longer incision is required for large tumours and lobes of 4-5 segments whereas a 3-cm incision would be sufficient to complete a right upper or a middle lobectomy with a small tumour. A 30-degree optic was placed at the most lateral point of the incision allowing for instrumentation alongside the rest of the incision. Procedures were completed without spreading the ribs, and soft tissue retractors were used per each surgeon's preferences. A specimen bag was used for retrieval of the specimen (Fig. 1 ).
Data were collected retrospectively from 300 patients from preoperative (age, gender, spirometry, comorbities, smoking history and previous malignant disease), intraoperative (side, lobe removed, operative time, conversions, additional ports inserted, number of lymph node stations explored, tumour size, final histological report and staging) and postoperative (postoperative in-hospital deaths, hospital stay, duration of intercostal drainage, admission to the intensive care unit and postoperative complications) periods. Chest or respiratory tract infection was defined as the need for a course of antibiotics in the presence of a positive sputum culture or radiological changes. Vascular complications were defined as the development of a pulmonary embolism, a cerebrovascular accident or a deep vein thrombosis. Renal replacement therapy and cardiac complications (myocardial infarction, atrial fibrillation) were recorded. Wound complications included partial dehiscence, infection and prescription of antibiotics by the general practitioners.
The groups were compared using the Chi-square test (and the Fisher's exact test when required) for categorical variables and the Wilcoxon rank test for quantitative variables. Statistical significance was defined by P-values less than 0.05 throughout Figure 1 : Single-port VATS lobectomy using instruments designed specifically for this procedure. The utility incision required to extract the specimen is used to perform the whole procedure. using SPSS v11.5. Data are expressed as number (%) or median (range).
RESULTS
All 6 surgeons contributed data from their initial 50 cases dating from 2011 to 2015. The preoperative data are shown in Table 1 . Age was more advanced and measurements of the transfer capacity of the lungs for carbon monoxide were lower in Group B; the prevalence of comorbidities was higher (cardiac and respiratory). During this initial period, surgeons in Group B continued to perform elective lobectomies via thoracotomy in their practice (a total combined 58 cases vs 1 in Group A, P < 0.001).
The lobectomies were performed for primary lung cancer (87%), secondary deposits (5%) and non-malignant disease (8%). The distribution was similar in the 2 groups. In this experience, only 10 cases had undergone neoadjuvant therapies prior to surgery (3%): 9 in Group A and 1 in Group B.
The operative time, anatomical location and size of tumours, number of N2 stations explored and need for insertion of a second port were similar between the groups ( Table 2 ). The conversion rate for surgeons in Group B was 12%, whereas that in Group A was 4% (P = 0.018). Indications for conversion were technical difficulties in 9 cases, bleeding in 13 and local invasion in 2. Conversion was typically performed by all surgeons by extending the incision into an anterior thoracotomy approach.
We found no significant differences in postoperative inhospital deaths: 0.7% and 1.3% in Groups A and B, respectively (P = 0.62). Causes of death were respiratory failure, sepsis and a fatal stroke. The incidence of admission to the intensive care unit, overall postoperative complications and duration of stay in hospital were also similar. There was an increase in the incidence of postoperative respiratory tract infection (8% vs 0.7%, P = 0.002) in patients in Group B. Patients operated by surgeons in Group A had their drains removed at a median of 2 days vs 3 days in Group B (P = 0.012) ( Table 3) . We did not collect data on the duration of air leaks after surgery, but the data can be extrapolated from the duration of intercostal drainage. A total of 6% of patients operated in Group A had their intercostal drains removed after 7 days vs 18% in Group B (P = 0.002). The incidence of wound complications (infection, dehiscence or use of antibiotics) reported approached significance (P = 0.052). The difference between the groups was 2% in Group A vs 7% in Group B.
The duration of intercostal drainage was also related to other risk factors: impaired forced expiratory volume in the first second (P = 0.013), impaired transfer capacity of the lungs for carbon monoxide (P = 0.001) and advanced age (P = 0.041). Postoperative pneumonia was also related to advanced age (P = 0.005). Conversion to thoracotomy was, however, only related to the surgeon's previous multiport VATS experience, with no other factors approaching a significant correlation.
DISCUSSION
Adoption of new techniques and approaches is an integral part of surgical advances. Although there is no set manner in which to learn and implement them, there are initiatives that can aid the progress: visiting experts, attending practical courses in experimental surgery, watching live operations and video libraries. We are fortunate that experts have already assessed the learning curve for VATS lobectomy. The recommendations are that the physician should complete about 50 cases to achieve competency [10] . It was suggested that learning the single-port VATS lobectomy might be better achieved if one had previous expertise in the traditional multiport VATS. Other authors with open surgery experience have reported good outcomes from their initial experiences with single-port VATS [11, 12, 15] . Our experience suggests that one can achieve good outcomes like those achieved with previous experiences. The differences are related more to the selection of cases and awareness of one's own limitations than to patient outcomes. Surgeons without previous VATS lobectomy experience are more prone to convert to open surgery, normally because the operation is difficult and the surgeon fails to progress. Also, they are more likely to select patients for single-port VATS lobectomy and to continue performing open resections during the initial stages of their learning curve. Suggestions for the selection process can be found in our own experiences: concentrate initially on dissections that are technically easier, such as lower lobectomies, and select single-port VATS for patients at higher risk of complications from thoracotomy (the elderly, those with important comorbidities or with a restricted pulmonary reserve). Published reports suggest that the application of VATS lobectomy in these groups of patients reduces the operative risks compared to thoracotomy [16] [17] [18] .
We selected the initial 50 cases performed by all of the surgeons that met the definition of the learning curve after VATS lobectomy. By that point, all of the participating surgeons felt they had achieved initial competency in the approach and were already performing more complex surgeries (e.g. segmentectomies, sleeves). However, more surgeons with previous VATS lobectomy competency performed these complex procedures.
Our report also indicates that clinical outcomes (mortality, complications), use of resources (operative time, admission to the intensive care unit and hospital stay) and oncological outcomes (rate of complete R0 excisions, lymph node stations explored during surgery) were similar between the groups. The slight increase in respiratory tract infections in Group B probably reflects the differences in the risk factors of the cohorts of patients (increased age, lower respiratory reserve and more comorbidities). The incidence of infective thoracic complications, however, compares reasonably well with rates reported in the literature [19, 20] .
The number of conversions to thoracotomy decreases with experience, as has been shown in multiport VATS [21] . Our rates of 4% and 12% fall within the limits described in the literature [22, 23] . Only three of the conversions (1%) were salvage after a massive haemorrhage, the majority due to failure to progress, minor or moderate vascular injuries or prevention of probable complications.
Wound complications, another outcome that differed between the groups, probably represent a softer outcome both by the definition and partly because they depend on the intervention of non-surgical doctors and nurses. They do not, however, represent a significant clinical issue for patients because no re-interventions were required. Similar rates of wound complications after thoracic procedures have been described in the literature [24, 25] .
It is important to realize that all of the surgeons involved had attended hands-on operating courses using live animal models, had visited experts and had attended courses where live operations were performed. In most cases, the surgeons made a second visit or attended another course after the initial adoption. All surgeons felt that this second initiative helped them learn tricks and pitfalls encountered during their daily practice.
We acknowledge the limitations of our study. It involved a limited number of surgeons with different practices even geographically. These surgeons progressed to single-port VATS lobectomy in diverse environments. The retrospective nature of this work, although based on prospectively recorded databases, is another limitation, as are the differences in the demographics between units. All surgeons have gone on to universally adopt the approach in their practices, so they could be labelled as 'enthusiasts'. These limitations do not, however, restrict the value of our initiative as an honest exploration of our learning curve. The total number of patients included is substantive, and we hope that will make our report of interest to readers.
Based on our experience, we believe that competency in performing single-port VATS lobectomies can be enhanced if the surgeon has previous experience performing multiport VATS or open surgeries without compromising outcomes. The competency is, however, acquired faster and with fewer conversions to open surgery when the surgeon has previous experience with multiport VATS lobectomies. An acceptable increase in postoperative respiratory complications and longer drainage time were also identified in the non-VATS experience group but were also linked to patient characteristics.
